We discuss processes leading to two photon final states in peripheral heavy ion collisions at RHIC. Due to the large photon luminosity we show that the continuum subprocess ␥␥→␥␥ can be observed with a large number of events. We study this reaction when it is intermediated by a resonance made of quarks or gluons and discuss its interplay with the continuum process, verifying that in several cases the resonant process overwhelms the continuum one. It also investigated the possibility of observing a scalar resonance ͑the meson͒ in this process. Assuming for the the mass and total decay width values recently reported by the E791 Collaboration we show that RHIC may detect this particle in its two photon decay mode if its partial photonic decay width is of the order of the ones discussed in the literature.
I. INTRODUCTION
In the Relativistic Heavy-Ion Collider ͑RHIC͒ operating at the Brookhaven Laboratory beams of heavy ions are colliding with the main interest in the search of a quark-gluon plasma in central nuclear reactions. In addition to this important feature of heavy-ion colliders, peripheral collisions may give rise to a huge luminosity of photons opening the possibilities of studying two-photon and other interactions as discussed by several authors ͓1͔.
In order to study peripheral ␥Ϫ␥ heavy-ion collisions we have to pay attention to two important facts, which are fundamental to determine the kind of physics that is truly accessible in these interactions. The first one is to avoid events where hadronic particle production overshadows the ␥Ϫ␥ interaction, i.e., events where the nuclei physically collide ͑with impact parameter bϽ2R A , R A being the nuclear radius͒ are excluded from calculations of the usable luminosity. This exclusion has been discussed by Baur ͓2͔ and can be handled as described by Cahn and Jackson ͓3͔. The second point to remember is that the photons will carry only a small fraction of the ion momentum, favoring low mass final states. Therefore hadronic resonances with masses up to a few GeV can be produced at large rates ͓4,5͔, as well as any two-photon process not leading to extremely heavy final states.
One of the purposes of our work was motivated by the possibility of measurement of the continuum process ␥␥ →␥␥ , see The continuum ␥␥→␥␥ reaction is interesting per se but is also a background for the resonant process. This last one is quite important to be observed because it involves only the electromagnetic coupling of the resonance. Its knowledge with high precision is very useful, for instance, to unravel the possible amount of mixing in some glueball candidates ͓6͔, complementing the information obtained through the observation of hadronic decays. Another interesting study is the possible production of a light scalar meson ().
The E-791 experiment recently reported that the meson has been observed in its decay mode ͓7͔, which is the same final state questioned over many years as a possible ͑or not͒ signal for this broad resonance. We discuss the production of this elusive meson in peripheral heavy-ion collisions. However, we focus attention on the observation of its ␥␥ decay. We believe that the observation of this decay could settle definitively the existence of this particle as well as of its quark ͑or gluon͒ content. Although its branching ratio into photons is quite small compared to the main one (), we will argue that the high photon luminosity in peripheral heavy-ion collisions may allow its observation, as long as it has the very same properties predicted in Ref.
͓7͔.
Photons with invariant mass of O ͑1 GeV͒ are also one possible signal for the quark-gluon plasma, therefore the detectors at RHIC have high efficiency to detect these photons, which is a welcomed capability in regard to the final states that we discuss in this work. The background for the twophoton initiated process were discussed by Nystrand and Klein ͓8͔. Double-Pomeron exchange may be a background source ͓9͔. However, they are negligible after imposing the peripheral condition bϾ2R A as long as we operate with very heavy ions ͓10͔. The cuts to remove the background are discussed in Ref. ͓8͔, i.e., the final state must have ͑i͒ low multiplicity, ͑ii͒ small summed transverse momentum, and ͑iii͒ be centered around rapidity 0 with a fairly narrow width of center-of-mass rapidity (y c.m. Շ1Ϫ2). These cuts are easily implemented when we analyze the reaction proposed in this work: ZZ→ZZ␥␥.
The remainder of the paper is organized as follows. In the second section we introduce the photon distribution in the ion that will be used in our calculations. Section III contains the discussion of the ␥␥→␥␥ process and the cuts that we will adopt for this reaction. In Sec. IV we present values for the production of resonances made of quarks ͑or gluons͒, and Sec. V contains a discussion about the possibility of observing the meson in its two photon decay. The last section contains our conclusions.
II. PHOTON DISTRIBUTION IN THE ION
The photon distribution in the nucleus can be described using the equivalent-photon or Weizsäcker-Williams approximation in the impact parameter space. Denoting by F(x)dx the number of photons carrying a fraction between x and xϩdx of the total momentum of a nucleus of charge Ze, we can define the two-photon luminosity through
where ϭŝ /s, ŝ is the square of the center of mass system ͑c.m.s.͒ energy of the two photons and s of the ion-ion system. The total cross section of the process ZZ→ZZ␥␥ is
where (ŝ ) is the cross section of the subprocess ␥␥→␥␥.
There remains only to determine F(x). In the literature there are several approaches for doing so, and we choose the conservative and more realistic photon distribution of Ref.
͓3͔. Cahn and Jackson ͓3͔, using a prescription proposed by Baur ͓2͔, obtained a photon distribution which is not factorizable. However, they were able to give a fit for the differential luminosity which is quite useful in practical calculations:
where zϭ2M Rͱ, M is the nucleus mass, R its radius, and (z) is given by
which is a fit resulting from the numerical integration of the photon distribution, accurate to 2% or better for 0.05Ͻz Ͻ5.0, and where A 1 ϭ1. 
where s, t, and u are the Mandelstam variables.
The transcendental functions B, T, and I that appear in Eq. ͑6͒ were defined by Karplus and Neuman ͓11͔, and are
where aϭͱ1Ϫ(xϩy)/xy, x, yϭr t , s t , and t t , and
The Spence function, ⌽(z), is defined as ⌽(z)ϭ͐ 0 z ln(1 Ϫt)dt/t, and its properties can been found in Ref.
͓15͔.
The differential cross section of photon pair production from photon fusion, i.e., the box diagram, is
is the scattering angle, ␣ is the fine-structure constant, q f is the charge of the fermion in the loop and the sum is over the leptons e and and the quarks u, d, and s, which are the relevant particles in the mass scale that we shall discuss. Another possible contribution to this continuum process comes from pion loops, which, apart from possible double counting, were shown to be negligible compared to the above one ͓16͔. The second sum is over the 16 helicity amplitudes, M 1 2 3 4 , where 1 and 2 correspond to polarizations of incoming photons and 3 and 4 for the outgoing photons. The matrix elements sumed over the final polarizations and averaged over the initial polarizations is given by
We consider the scattering of light by light, that is, the reaction ␥␥→␥␥, in Au-Au collisions for energies available at RHIC, ͱsϭ200 GeV/nucleon. We checked our numerical code reproducing the many results of the literature for the box subprocess, including asymptotic expressions for the low and high energies compared to the fermion mass present in the loop, and the peak value of the cross section ͑see, for instance, Ref. ͓13͔͒.
In Fig. 2 the dependence of the ion-ion cross section with the cosine of the scattering angle , in the two photon centerof-mass system, is shown for an invariant photon pair mass equal to 500 MeV. It is possible to observe that the cross section is strongly peaked in the backward direction, but is relatively flat out to cos Ϸ0.4, where it starts rising very fast. It is symmetric with respect to and the same behavior is present in the forward direction.
The photon pair production in ion collisions over an invariant mass range between 300 and 1000 MeV for different angular cuts is shown in Fig. 3 . It is possible to observe that the cross sections is strongly restricted when the angular cut is more drastic, the difference between the cuts 10Ͻ Ͻ170°and 60ϽϽ120°is quite large, the cross section is strongly suppressed for the second range. We will impose in all the calculations throughout this work a cut in the scattering angle equal to ͉cos ͉ϭ0.5. This cut is conservative, but it will make it possible to compare the cross section of the box diagram with rival processes, that will be discussed in the following sections, as well as it is enough to eliminate the effect of double bremsstrahlung ͑which dominates the region of ͉cos ͉Ϸ1). Finally, this kind of cut is totally consistent with the requirements proposed in Ref. ͓8͔ The fermions that contribute in the box diagram are the leptons e and and the quarks u, d, and s, which are impor-tant for the mass range that we are interested ͑heavier quarks will give insignificant contributions and the same is true for the charged weak bosons͒. We assumed for their masses the following values: m e ϭ0.5109 MeV, m ϭ105.6584 MeV, m u ϭ5 MeV, m d ϭ9 MeV, and m s ϭ170 MeV.
The electron gives the major contribution to the total result as can be seen in Fig. 4 . The second most important contribution is due to the muon, but it is at least one order of magnitude smaller than the electron one. The d and s quark contribution ͓up to O ͑2 GeV͔͒ are smaller due to their masses and charges, because the process is proportional to (q f 2 ) 4 where q f is their charge. Their contribution is also insignificant compared to the electron result.
As discussed in Ref. ͓4͔ the ␥␥ scattering can indeed be measured in peripheral heavy ion collisions. The cut in the angular distribution gives back to back photons in the central rapidity region free of the background. However, as we shall see in the next section, there are gaps where the ␥␥→␥␥ process is overwhelmed by the presence of resonances like the , Ј, and others. Even the broad resonance could be of the order of the continuum process. Just to give one idea of the number of events, with a luminosity of 2.0 ϫ10 26 cm Ϫ2 s Ϫ1 ͓8͔ and choosing a bin of energy of 200 MeV, centered at the energy of 700 MeV ͑which is free of any strong resonance decaying into two-photons͒, we have 1532 events/year assuming 100% efficiency in the tagging of the ions and photon detection.
IV. RESONANCES DECAYING INTO TWO-PHOTONS
Photon pair production via the box diagram is a background to ␥␥→R→␥␥ process ͑or vice versa͒, both have the same initial and final states, and for this reason they can interfere one in another. Normally the interference between a resonance and a continuum process is unimportant, because on resonance the two are out of phase. RHIC center-of-mass energy of ͱsϭ200 GeV for each fermion loop. The solid line denotes the differential cross section for all fermions, the dashed one is the electron loop contribution, the dotted is the muon one, the dash-dotted is the u quark contribution. The result is obtained with the cut ͉cos ͉Ͻ0.5.
The total cross section for the elementary subprocess ␥␥ →R→␥␥ assuming a Breit-Wigner profile is
where M is the energy of the photons created by the collision of the ions. ⌫(R→␥␥)(ϵ⌫ ␥␥ ) and ⌫ total are the partial and total decay width of the resonance with mass m R in its rest frame. We are going to discuss only Jϭ0 resonances made of quarks as well of gluons. The reaction ␥␥→ 0 →␥␥ was already discussed many years ago ͓17͔, where it was claimed that the interference vanishes. This result was criticized by De Tollis and Violini ͓16͔, affirming ͑correctly͒ that the interference exists. However, as we will discuss afterwards, off resonance the interference is negligible. If the interference is neglected, Eq. ͑13͒ can be used and we show in In the same figure we can see the predicted cross section for the glueball candidates production in peripheral heavy ion collisions by double photon fusion. Fig. 5 that the peak for this resonance is of the same order of the continuum process. For the other glueball candidate, f 0 (1710), the peak is clearly above the background. For this one we assumed the values listed in Ref. ͓18͔ of mass and total width, m R ϭ1715 MeV, ⌫ total ϭ125 MeV, and for the two-photon decay width we adopted the value encountered by the ALEPH Collaboration ͓20͔, ⌫ ␥␥ ϭ21.25 keV. In all these cases the resonances can be easily studied in peripheral heavy ion collisions.
Off resonance we can expect a negligible contribution for the process ␥␥→R→␥␥ and consequently the same for its interference with the continuum process. However, it is instructive to present a more detailed argument about why the interference can be neglected. In order to do so we are obliged to introduce a model to calculate the amplitudes for the process ␥␥→R→␥␥. These amplitudes will be computed with the help of an effective Lagrangian for the pseudoscalar interaction with photons ͑the scalar case will be discussed in the next section͒, which is given by g p F F ⌽ p , where g p is the coupling of the photons to the pseudoscalar field ⌽ p , is the antisymmetric tensor, and F is the electromagnetic field four-tensor. The amplitudes for ␥␥→␥␥ intermediated by a pseudoscalar hadronic resonance are ͓16͔
where ␣ is the fine-structure constant, ϭ(m f /m R ) 2 , and
.
͑15͒
The presence of the fine-structure constant in Eq. ͑14͒ is a consequence of the fact that the amplitudes M in these equations will be used in Eq. ͑12͒, so it is necessary to get the correct dependence of the partial cross section with this constant.
A numerical evaluation of the cross section using Eq. ͑14͒ ͑for the same resonances present in Fig. 5͒ shows a totally negligible effect off resonance in comparison with the box contribution. On resonance the two processes are out of phase and the interference is absent. We can now proceed with an argument showing that the interference is not important. Let us assume that off resonance the processes are in phase, and for a moment we forget the t and u channels contribution in Eq. ͑14͒. The s channel contribution can be written as M 2 /(sϪm R 2 ϩi⌫ R m R ), and denoting the continuum contribution by M 1 we can write the following interference term:
We can verify that the term proportional to sϪm R 2 integrates to zero when integrated in a bin centered at m R 2 . With the second term the situation is different. If Im M 1 or Im M 2 0 ͑assuming Re M 1 and Re M 2 0) then there is a nontrivial interference. However, since we are dealing with J ϭ0 amplitudes, the only nonvanishing helicity amplitudes are those in which the initial helicities and the final helicities are equal. Inspection of the M ϩϩϩϩ and M ϩϩϪϪ amplitudes of the box diagram ͑in the limit m f Ӷm R ) shows that they are purely real, and the same happens with M 2 ͓ob-tained from the s channel contribution of Eq. ͑14͔͒, resulting in a vanishing interference. Of course, this analysis is model dependent. In particular, at the quark level the coupling g p has to be substituted by a triangle diagram, which may have a real as well as an imaginary part ͑see, for instance, Ref.
͓21͔͒. However, this coupling is real for heavy quarks and its imaginary part is quite suppressed if the resonance couples mostly to light quarks (m f Ӷm R , what happens for the resonances that we are considering in the case of the u and d quarks, for the s quark the suppresion is not so strong in the case, but we still have an extra suppression due to its electric charge͒. Finally, the interference does appear when we consider the amplitudes with the resonance exchanged in the t and u channels, but it is easy to see that they are kinematically suppressed and also proportional to the small value of the total decay width. If the total width is large ͑as we shall discuss in the next section͒ the interference cannot be neglected. Although the above argument has to rely on models for the low energy hadronic physics, we believe that the direct comparison between the resonant and the continuum processes, as presented in Fig. 5 , is fairly representative of the actual result.
In Table I we show the number of events above background for the , Ј, and f 0 (1710) which, as shown in Fig.   5 are clearly above the box contribution. In the case of the f 0 (1710), as well as in the meson case to be discussed in the next section, the decay of the resonance into a pair of neutral pions is present. A pair of neutral pions can also be produced in a continuous two-photon fusion process. The rates for all the reactions discussed in this work can be modified if both neutral pions, no matter if they come from a resonance or a continuos process, are misidentified with photons. This accidental background can be easily isolated measuring its invariant mass distribution, and making a cut that discriminates a single photon coming from the processes that we are studying, from one that produced two neutral mesons ͑mostly pions͒ subsequently decaying into two photons. For example, in the case of the sigma meson ͑see next section͒ each one of the neutral pions from its much larger hadronic decay should be misidentified. These pions would produce pairs of photons with a large opening angle , where cos(/2)ϭͱ1Ϫ4m 2 /m 2 . However, the calorimeters already in use in many experiments make it possible to distinguish between these two-and single-photon events with high efficiency ͑see, for instance, Ref.
͓22͔͒.
There is also another accidental background which may cause problems to the measurement of the resonance decay into photons. This is the contribution from ␥ -Pomeron→V →␥␥X. The vector mesons, V, are produced with a p T distribution similar to the resonance production and at higher rates than some of the processes ␥␥→R, e.g., ␥ -Pomeron → rate is 10 Hz at RHIC ͓23͔, three orders of magnitude higher than for a similar mass meson of spin 0 or 2. The branching ratio to three photons is 8.5%. If a small p T photon from this decay is undetected, one is left with a low p T two-photon final state that could be taken for a lighter resonance. At higher masses, one also has →␥, 0 ␥, K L K S →␥X as well as ␥␥→ f 2 (1270)→ 0 0 and possibly copious production of (1450) and (1700) by ␥ -Pomeron interactions. Clearly a full simulation of all these background processes is beyond the scope of this paper but should be kept in mind when measuring two-photon final states.
V. CAN WE OBSERVE THE MESON IN PERIPHERAL COLLISIONS?
The possible existence of light scalar mesons ͑with masses less than about 1 GeV͒ has been a controversial subject for roughly 40 years. There are two aspects: the extraction of the scalar properties from experiment and their underlying quark substructure. Because the Jϭ0 channels may contain strong competing contributions, such resonances may not necessarily dominate their amplitudes and could be hard to ''observe.'' In such an instance their verification would be linked to the model used to describe them.
Part of the motivation to study the two-photon final states in peripheral heavy ion collisions was exactly to verify if we can observe such scalar mesons in its ␥␥ decay. Although this decay mode is quite rare, it has the advantage of not being contaminated by the strong interaction of the hadronic final states. In particular, it may allow to investigate the possible existence of the sigma meson. This meson is expected to have a mass between 400 and 1200 MeV and decay width 
where m is the invariant mass of the two photons forming a spin-J resonance. The functions J F are the Blatt-Weisskopf damping factors ͓24͔:
0 Fϭ1 for spin 0 particles, 1 F ϭ1/ͱ1ϩ(rp*) 2 for spin 1 and 2 F ϭ1/ͱ9ϩ3(rp*) 2 ϩ(rp*) 4 for spin 2. The parameter r is the radius of the resonance (Ϸ3 fm) ͓25͔ and p*ϭp*(M ) the momentum of decay particles at mass M, measured in the resonance rest frame, p 0 *ϭp 0 *(m R ). The Dalitz plot of the decay can hardly be fitted without a 0 ϩϩ () resonance. The values of mass and total decay width found by the collaboration with this procedure are 478 Ϫ23 ϩ24 Ϯ17 MeV and 324 Ϫ40 ϩ42 Ϯ21 MeV, respectively. We will discuss if this resonance can be found in peripheral heavy ion collisions through the subprocess ␥␥→ →␥␥. It is important to note that all the values related to the , like mass or partial widths, that can be found in the literature are very different and model dependent. In particular, we find the result of the E791 experiment very compelling and among all the possibilities we will restrict ourselves to their range of mass and total decay width, while we vary the partial width into two photons.
For the decay width into two photons we assume the values obtained by Pennington and Boglione, 3.8Ϯ1.5 keV and 4.7Ϯ1.5 keV ͓26͔, and the value of 10Ϯ6 keV ͓27͔. The results obtained are in Fig. 6 , the dashed curve is for ⌫ ␥␥ ϭ3.8 keV, the dotted one is for ⌫ ␥␥ ϭ4.7 keV and the dot-dashed one is for ⌫ ␥␥ ϭ10 keV. In all cases we used the mass and total decay width obtained by the E791 Collaboration, m ϭ478 MeV and ⌫ total ϭ324 MeV. In the same figure it can be seen the curve due to the box diagram. In all cases we used the angular cut Ϫ0.5Ͻcos Ͻ0.5.
It has been verified in the case of scattering that the use of a constant total width in the resonance shape is not a good approximation ͓28͔. In our case we will discuss the ␥␥→␥␥ process above the two pions threshold where the peculiarities of the broad resonance, basically due to the decay into pions, are not so important. Of course, another reason to stay above 300 MeV is that we are also far from the pion contribution to ␥␥ scattering. In any case we also computed the cross section with an energy dependent total width ⌫(m)Ӎ⌫ 0 (p*/p 0 *) 2Jϩ1 , which, as shown by Jackson many years ago ͓29͔, is more appropriate for a quite broad resonance. The net effect is a slight distortion of the cross section shape with a small increase of the total cross section. Since this one is a negligible effect compared to the one that we will present in the sequence we do not shall consider it again.
Up to now we assumed in this analysis only the BreitWigner profile for the contribution and it is interesting to discuss the full process ͑including the t and u channels͒ within a given model to verify how good is our approximation.
To compute the amplitudes for ␥␥→␥␥ including the presence of a scalar resonance we can assume the interaction g s F F ⌽ s , where g s is the coupling of the photons to the scalar field ⌽ s . These amplitudes are
͕F͑s t ͒ϩF͑ t t ͒ϩF͑ r t ͖͒. ͑16͒ FIG. 6 . Invariant mass distribution of photon production. The solid curve is the box diagram, the dashed curve is for the process ␥␥→→␥␥ when ⌫ ␥␥ ϭ10 keV, the dotted one is for ⌫ ␥␥ ϭ4.7 keV, and the dot-dashed one is for ⌫ ␥␥ ϭ3.8 keV. The angular cut is equal to Ϫ0.5Ͻcos Ͻ0.5 in all curves.
Note that this interaction violates unitarity and is appropriate only at energies up to the mass.
In Fig. 7 we show the full cross section for the process ␥␥→␥␥ due to the box diagram and the existence of the scalar resonance with amplitudes given by Eq. ͑16͒, computed with ⌫ ␥␥ ϭ4.7 keV. Contrarily to the previous cases the is a quite large ''resonance'' and due to its large decay width off resonance the interference is not negligible ͑the argument of the previous section obviouly fails͒. Moreover, the interference is destructive. In Fig. 7 we can see the continuous curve which is due only to the box diagram, the dashed one is the cross section of a scalar resonance computed with a Breit-Wigner profile, Eq. ͑13͒, the dash-dotted curve is due only to the scalar contribution of Eq. ͑16͒, and the dotted one is obtained when we consider the total cross section for two photon production in peripheral heavy ion collisions, i.e., the box diagram amplitudes plus the helicity amplitudes listed in Eq. ͑16͒. The figure shows clearly that the above mentioned interference is destructive.
There is an important point to comment about the above result. The effective Lagrangian model used to compute the contribution to the photon pair production above M Ϸ600 MeV gives a larger contribution to the cross section than the Breit-Wigner one. We verified that the t and u channels produce small variations in the result obtained when we consider only the s channel, but this one already grows as any nonunitary amplitude calculated in this approach, and it is unclear to us how far we can trust in this model. At small masses the cross sections also differ in their behavior with s.
There are possible improvements that we may think of towards a more reliable computation of the meson exchange amplitudes, but all of them are going to be plagued by uncertainties as we remarked in the beginning of the section. Therefore we adopt the pessimistic view that the BreitWigner result is just a lower bound for our process, because effective Lagrangians tend to increase the contribution at large masses where the background vanishes rapidly, increasing the signal/background ratio. The Breit-Wigner profile does the opposite. The physical result is probably between both approaches. From the experimental point of view we would say that the reaction ␥␥→␥␥ has to be observed and any deviation from the continuum process must be carefully modeled until a final understanding comes out, with the advantage that the final state is not strongly interacting. Note that in this modelling the meson will contribute to ␥␥ →␥␥ in a small region of momentum, even so it has to be subtracted in order to extract the complete signal. We changed the values of the mass and total width around the central ones reported by the E791 Collaboration. We do not observe large variations in our result, but noticed that it is quite sensitive to variations of the partial decay width into photons. It is interesting to look at the values of the significance which is written as L signal /ͱL back and characterizes the statistical deviation of the number of the observed events from the predicted background. The significance as a function of the two-photon decay width of the sigma meson, with mass equal to 478 MeV and total decay width of 324 MeV, is shown in Fig. 8 , where we used a luminosity of Lϭ2.0ϫ10 26 cm Ϫ2 s Ϫ1 at RHIC and assumed one year of operation. The significance is above 2 95% confidence level limit for two-photon decay width greater than 4.7 keV while for a 5 discovery criteria can be ob- FIG. 7 . Invariant mass distribution of photon pair production. The solid curve is due to box diagram only, the dashed one is due to the process ␥␥→→␥␥ in the Breit-Wigner approximation, the dash-dotted is the scalar contribution of Eq. ͑16͒, and the dotted one is due to the total process, computed with box amplitudes plus the scalar boson amplitudes of Eq. ͑16͒. In all cases ⌫ ␥␥ ϭ4.7 keV, and the angular cut is equal to Ϫ0.5Ͻcos Ͻ0.5. tained with ⌫ ␥␥ Ͼ7.5 keV. If ⌫ ␥␥ turns out to be smaller the numbers of Fig. 8 have to be scaled.
The numbers in Fig. 8 were computed with the signal given by the Breit-Wigner profile, and the background by the pure box diagram. The solid curve was obtained integrating the cross sections in the interval 438ϽM Ͻ519 MeV, corresponding to the interval of mass uncertainty, while the dashed curve resulted from the integration in the interval 300ϽM Ͻ800 MeV. Note that there is no reason, a priori, to restrict the measurement to a small bin of energy. This choice will depend heavily on the experimental conditions. When the signal is extracted from Eq. ͑16͒ and the cross sections are integrated in the larger interval (300-800 MeV), we obtain values for the significance more than one order of magnitude above the curves of Fig. 8 , while the significance is below the curves of Fig. 8 up to a factor 10 when the cross sections are integrated in the smaller interval of energy. The Breit-Wigner profile probably gives an average of the results that could be obtained within different model calculations. Therefore for values of ⌫ ␥␥ already quoted in the literature the sigma meson has a chance to be seen in its two-photon decay mode. The discovery limits discussed above refer only to a statistical evaluation. Our work shows the importance of the complete simulation of the signal and background including an analysis of possible systematic errors that may decrease the significance.
VI. CONCLUSIONS
Peripheral collisions at relativistic heavy ion colliders provide an arena for interesting studies of hadronic physics. One of the possibilities is the observation of light hadronic resonances, which will appear quite similarly to the twophoton hadronic physics at e ϩ e Ϫ machines with the advantage of a huge photon luminosity peaked at small energies ͓1͔. Due to this large photon luminosity it will become possible to discover resonances that couple weakly to the photons ͓5͔.
In this work we focus the attention at the peripheral reaction ZZ→ZZ␥␥. This process is important because it may allow for the first time the observation of the continuous subprocess ␥␥→␥␥ in a complete collider physics environment. This possibility only arises due to enormous amount of photons carried by the ions at the RHIC energies. The continuous subprocess is described by a Fermionic box diagram calculated many years ago. We computed the peripheral heavy ion production of a pair of photons, verifying which are the most important contributions to the loop, which turned out to be the electron at the energies that we are working, and established cuts that not only ensure that the process is peripheral as well as eliminate most of the background. After the cut is imposed we still have thousands of photons pairs assuming 100% efficiency in tagging the ions and detecting the photons.
The continuous ␥␥→␥␥ subprocess has an interesting interplay with the one resulting from the exchange of a resonance. We discuss the resonance production and decay into a photon pair. This is a nice interaction to observe because it involves only the electromagnetic couplings of the resonance. Therefore we may say that it is a clean signal of resonances made of quarks ͑or gluons͒ and its measurement is important because it complements the information obtained through the observation of purely hadronic decays. It may also unravel the possible amount of mixing in some glueball candidates ͓6͔. We discuss the interference between these processes and compute the number of events for some specific cases.
The possibility of observing resonances that couple weakly to the photons is exemplified with the meson case. This meson, whose existence has been for many years contradictory, gives a small signal in the reaction ␥␥→→␥␥. However, its effects may be seen after one year of data acquisition, providing some clue about this elusive resonance. Using values of mass, total, and partial widths currently assumed in the literature, we compute the full cross section within a specific model and discuss the significance of the events. Our work shows the importance of the complete simulation of the signal and background of these processes including an analysis of possible systematic errors, indicating that two-photon final states in peripheral collisions can be observed and may provide a large amount of information about the electromagnetic coupling of hadrons.
